Abstract. The study concerns with the seismic analysis of reinforced concrete (RC) building
INTRODUCTION
Existing RC buildings are mostly characterized by an unsatisfactory level of the technical design (mainly because the reference building codes are very obsolete), and the development of vulnerability studies is one of the main research focus that the scientific community has explored in the last years at different scales of analyses [1, 2, 3, 4] . These studies, together with the observation of post-seismic damage after recent earthquakes, have clearly shown that the seismic risk of existing RC buildings is very high, confirming the need of systematically assessing their safety level and to develop to this aim not only proper techniques for the modeling and analysis but also for the monitoring and control, especially in the case of strategic structures [5, 6] . In fact, on the one hand, existing buildings were designed by engineers through old codes, which do not take in exam the seismic actions, on the other hand existing buildings are often characterized by meaningful historical and artistic value.
Modern seismic codes, as Eurocode 8 [7] and consequently Italian NTC [8] , suggest a performance based approach and guidelines that engineers can use in order to analyze the real behavior of existing structure and to choose the most suitable retrofit solutions. One of most important steps of the abovementioned performance approach is the nonlinear analysis of the structural model, static or dynamic, in order to define the structural capacity and compare it to seismic demand.
In this phase, a correct estimate of capacity is only possible through a correct finite element method (FEM) model, even if simplified, which takes into account a series of hypothesis on materials, geometry, loads, etc…
The FEM model, even on geometric regular existing building, must consider a presence of irregularity factors, which can change results of analysis. With this regard, a particular attention in analysis results has to be taken when the influence of in situ materials strength is included in FEM model, as shown in Uva et al., 2014 [9] and Porco et al., 2014 [10] ; or when the influence of secondary structural elements as infill panels is considered, as shown in Porco et al., 2013 [11] and 2015 [12] ; Fiore et al., 2014 [13] and 2015 [14]; Casolo et al., 2013 [15] .
Clearly, these influence factors cause strong behavior difference on buildings analyzed, regarding to elements stiffness, masses and modal parameters.
In this paper, the attention is focused on one of these irregularity factors: a floor in-plane deformability. The influence of this factor, in the evaluation of seismic behavior of RC existing building, has been evaluated.
STATE OF THE ART
In RC buildings, floor system is a bi-dimensional structure loaded orthogonally to its plane by gravity loads and it distributes seismic actions among structural vertical elements. Generally, buildings are designed using the assumption of rigid floor, which is justified when floor is stiffer than vertical elements. To design new RC buildings, modern codes as Eurocode (consequently in Italian code) provides technological rules for several typologies of rigid floor. For example, to obtain an in-plane rigid behavior, a floor system must have a thickness of top concrete slab larger than 4 cm, as show in Figure 1 where a ribbed slab is represented: The rule of top concrete slab thickness cannot be enough to define a rigid floor: its stiffness must be compared to the stiffness of structural vertical elements. With this regard, FEMA (1997) [16] provides a quantitative criterion which defines floor as either flexible, stiff or rigid. In particular way, it defines a factor λ as ratio between the maximum to minimum lateral in-plane deflection of floor, caused by horizontal actions. The ratio is shown in Eq.1, where X and Y are depicted in figure 3: If λ is larger than 2, the floor is deformable while if λ is lower than 0.5, the floor is rigid. If λ is included between 0.5 and 2, the floor is "stiff" (neither flexible nor rigid).
Eurocode 8 provides a qualitative criterion to define the rigid floor: the floor system is taken as being rigid if, when it is modeled with its actual in-plane flexibility, its horizontal displacements nowhere exceed those resulting from the rigid floor assumption by more than 10% of the corresponding absolute horizontal displacements in the seismic design situation.
As well as Eurocode 8, even NZS 4203 [17] provides a qualitative criterion, such as indications of rigid floor assumption invalidity, for instance abrupt discontinuities, major variations in in-plane stiffness or major re-entrant corners in diaphragms.
Moeni e Rafezy, 2011 [18] , analyzed the rigid floor assumption on buildings with irregular shape in-plan, evaluating results in terms of Deflect/Drift ratio through qualitative and quantitative criteria provided by several international codes, such as those aforementioned. Authors tested the efficiency and accuracy of all indications available in the matter of floor deformability.
Previously, several studies have been carried out in order to study the deformability of floor and its effect on the structural behavior.
Saffarini and Qudaimat, 1992 [19] , analyzed several RC buildings to compare the difference between rigid floor and flexible-floor analyses. They found that the rigid-floor assumption is accurate for buildings without shear walls, but it can cause errors for building systems with shear walls. The study made up of a numerical model where some parameters were varied, such as number of stories, story height, slab type, building-plan aspect ratio, regularity of building plan, openings in the slab, the sizes and spacing of columns and shear walls. Kunnath et al., 1991 [20] , studied the effect of deformable floor system on irregular buildings, using a simplified macro modeling scheme which included an inelastic behavior. Results of research showed that, the base shear is larger when the floor is flexible, rather than when it is rigid and elastic. However, incrementing the number of ways and floors, interior frames have a higher base shear with a larger strength and ductility demand. Dolce et al., 1994 [21] , studied the inelastic dynamic response of a large number of floor systems simple models. On their cases studied, they analyzed the variability of the ratio kfloor/kvert, using a spring model and varying elements stiffness. They obtained that, when the stiffness distribution of structural vertical elements is uniform, the flexibility of floor system is negligible, while when the structures have important re-entrances, the deformability effect is relevant.
Other authors studied this problem (Ju and Lin, 1999 [22] [27] ), observing the differences of results of modal parameters and stresses, obtained by different modeling methods and using the hypothesis of rigid floor or not.
Relying on results obtained by the abovementioned authors and using indications provided by international seismic codes, the aim of this paper is to show the differences of simple numerical applications' structural behavior, on the basis of a variation of the FEM model, which take or not into account the rigid floor assumption.
STRUCTURAL FEM MODELS
In order to study the influence of the floor deformability, two FEM models are carried out using FEM software SAP2000 [28] .
(1)
The reference case is a single storey RC frame building, which has one bay in both direction, dimension in plan of 3 x 6 m and height of 3 m. Beams and columns have dimension of 30 x 30 cm and floor is constituted by a ribbed slab with joists of ordinary dimension (10 x 20 cm). Top concrete slab has a thickness of 4 cm, minimum value which Italian code considers to assume the hypothesis of rigid floor. Strength class of concrete is 25/30, according to [4] . In the reference case, it is considered only dead load, neglecting non-structural and accidental loads.
The first model is a "frame model" which considers a rigid floor hypothesis by applying a constrain "diaph" at every nodes of plane. Dead loads are inserted on a shell "none" which is linked to every nodes of plane.
The second model is a "solid model" which does not consider a rigid floor hypothesis. In this case, columns are modeled as frames while beams and slab are modeled using solid elements, meshed each centimeter, in order to modify both thickness of edge beams and thickness of concrete slab.
The two above mentioned models are shown in Figure 4 .
Figure 4 -Reference models
In both models, one dimension of vertical elements is varied, from a ratio between section sides of 1:1 to 1:4, in order to vary the ratio between floor stiffness and structural vertical element stiffness. In addition, columns have been replaced by shear walls (modeled through shell elements), with thickness which varying from 20 cm to 40 cm. For each models, it is evaluated the difference of period and participating mass, through a modal analysis, which compare the two FEM model typology.
Moreover, same comparison is carried out for same models with 3 and 5 storeys. In Figures 5-6-7 histograms of the differences aforementioned are shown. Periods and participating mass of the solid models are indicated in green while same parameters of the diaph models in grey. 
-1 storey models variations -doubling in-plan dimensions
Using solid models, it is possible to study if the floor is rigid or deformable. Particularly, relying on the quantitative criteria provided by [5] , maximum deflection and interstorey drift for reference model has been monitored and the ratio between them has been calculated (ratio Deflect/Drift). In the same way, this ratio has been calculated, increasing the number of sto-reys and the ratio of dimension in plan. In figure 9 histograms show these ratios, even considering the variation of structural vertical elements dimension. In blue are represented the cases with columns for structural vertical element while in red are represented the cases with shear wall. When the values exceed 2, the floor is deformable. When the number of storeys increases, the ratio is always calculated on the first floor, because in that plane is detected the maximum ratio Deflect/Drift.
Figure 9 -Deflection/Drift ratio variations, increasing number of storeys and in-plan dimensions 4 NUMERICAL APPLICATIONS
In order to understand when the floor can be deformable in RC existing building, two numerical applications, extrapolate from two real case study, have been analyzed using solid models. For this purpose, a single storey RC frame building is assumed as new reference model. It has dimension in plan of 6 x 12 m. and height of 3 m. Beams and columns have dimension of 30 x 30 cm. It has one bay in long direction and two bays in short direction, in order to simulate the resistant frames in one way, as in RC existing building designed without using of seismic codes. The new reference model is shown in Figure 10a .
Figure 10a -10b -1st application
In first application, the new reference model is compared with a same model, which has a C-shape shear walls instead of the central column, in which there is an elevator, as shown in Figure 10b . Clearly, in a floor there is an opening. The ratio Deflect/Drift is evaluated increasing the thickness of walls from 20 cm to 40 cm, keeping constant the opening dimension. The histogram of figure 11b shows the results: the comparisons among each model and new reference model. In Figure 11a is displayed a typical deformed shape of this application, where Deflection is the maximum displacement in-plane and Drift is the minimum displacement inplane.
Figure 11a -11b -Deflect/Drift ratio results of 1st case study
In second application, the new reference model is compared with the same model, where are varied the dimensions of external columns under central beam and the dimensions of other structural elements is not varied. Specifically, one dimension of columns taken in exam, is increased up to obtain a ratio between them section sides of 1:4. This application is representative of the typical case in which a possible way to retrofit a RC existing building is taken into account, regularizing its dynamic behavior. Figure 12 , in terms of ratio Deflect/Drift, exhibits the results. 
CONCLUSIONS
In this paper, simple models of RC existing building are analyzed in order to evaluate structural behavior, using or not the rigid floor assumption. These analyses have been achieved varying the ratio between floor stiffness and structural vertical element stiffness. For considering the rigid floor hypothesis, "frame models" are carried out using a constraint on each point of plane. These models have been compared to analogues "solid models" and modal parameters differences have been evaluated. Furthermore, for each models, ratio Deflect/Drift has been evaluated, varying on the reference model, the number of storeys and the dimension in plan.
Same analyses have been accomplished on the two numerical application. The first case study compares a new reference model with same model having a C-shape shear wall, the second one compares the new reference model with same model, having some columns whose dimensions in thickness and length was varied.
Results are summarized as follow: -The two different types of modeling have shown that on the same model, when the structural vertical elements are columns, variations of modal parameters (periods and participating mass) are negligible, rather when the model has shear walls, same parameters have high variations; -Increasing reference model's storeys number, the results, in terms of Deflect/Drift ratio, show that the rigid floor assumption is more and more appropriate; -Increasing in-plan dimension of the reference model, the results, in terms of Deflect/Drift ratio, shown that the rigid floor assumption is less and less appropriate; -The two numerical applications analyzed shown that rigid floor assumption cannot be always considered correct. In the first case, the presence of C-shape shear wall, at constant opening in the floor, as soon as the thickness increases, the floor becomes more deformable. In the same way, in the second case, the addition of shear walls on the structure perimeter, as soon as their length increases, the plane becomes more deformable. Future aims of the research are study the floor behavior, under seismic actions, when the thickness of top concrete slab is smallest of 4 cm and when changing the edge beam dimensions. 
